X-ray photoelectron spectra (XPS) measurements were carried out using Kratos XSAM-800 spectrometer with an Mg Kα radiation source. Thermogravimetric analysis (TGA) was operated on Pyris Diamond TG/DTA system. N 2 sorption measurements were carried out at 77 K on Quantachrome Autosorb Auto-mated Gas Sorption System.
Electrochemical measurements
All measurements were carried out in a three-electrode cell with an electrochemical work station (AutoLab PGSTAT302N) at 25 ℃ in the N 2 After 700 ℃, the PTL nanofim was burn-out, and no distinct weight loss was observed. 
